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STRAY VOLTAGE: IS IT REALLY A PROBLEM??
L. Sass, B.S., D.V.M.*
J. Thompson, B.S., M.S., D.V.M. **
In the past decade the issue of stray voltage
has evoked growing concern. Since the late
1970's and early 1980's numerous farms with
stray voltage have been identi'fied in the upper
midwest and east coast regions of the U.S. and
Canada. Due to the significance of the problem,
many extension bulletins and articles have been
published. On farms where stray voltage has
been identified; losses of milk production and
income have been noted. Stray voltage has
been blamed for cow deaths, dead and de-
formed calves, subnormal reproduction,
mastitis, metabolic disorders, low production,
warts on teats, bad feet and legs, respiratory
disorders, switching tails, a depressed immune
system, many types of behavioral problems,
quarters not milking out, and many other
maladies.1
Producers have spent considerable time and
money analyzing their hygiene, feeding pro-
grams, and milking systems and procedures
with little noticeable improvement. Once stray
voltages have been measured and corrective
procedures implemented, milk production and
quality has increased signi'ficantly. Farmers
have also noted decreased incidence of mastitis
and improvement in udder health. Word has
spread and many demands have been placed
on power companies, electricians, and milking
equipment dealers. Animosity has grown
between the farmers and the power companies.
Research efforts, diagnostic plans, and rnitiga-
tion procedures have been developed and
implemented due to the increase in litigation and
dissatisfaction displayed by the farmers. In the
past, recommendations for tolerable levels of
contact voltage have been determined to be 0.5
to 0.7 volts, based on lowest perceivable
currents.
* Dr. Sass is a 1992 graduate of the College of
Veterinary Medicine.
** Dr. Thompson is an Associate Professor of
Veterinary Clinical Sciences at Iowa State
University.
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The research of the 1980's has led to the
current belief that the primary impact of stray
voltage on production is not due to physiological
change but to a change in behavior. It has been
estimated that a current must measure 4 volts or
greater to cause behavioral changes that
directly reduce milk yields. These behavioral
changes can be magni'fied by the farmer's
reaction and enhanced by existing management
problems or can create new and more serious
problems.
What is Stray Voltage?
Stray voltage is a small voltage, less than 10
volts, that can be measured between two
contact points such as water pipes, stanchions,
and livestock waterers. If a person or animal,
such as a dairy cow, touches these two points, a
current will flow. The current present depends
upon the voltage and the impedance, or
resistance, of the pathway. Although humans
and cattle are equally sensitive to electric
cu rrent, cattle are more susceptible to stray
voltages primarily because cow body imped-
ances - from 250 to 1200 ohms at 60 Hz - are
much lower than human body impedances -
10,000 to 300,000 ohms at 60 Hz.2 Also, this
lower resistance to voltage is intensified for the
cows which, unlike the farmer in his rubber
boots, have no insulation 'from the wet environ-
ment of manure, mud, and water in which they
live, Therefore, more current is delivered to a
cow than to a human at equal voltages.
Physiological Effects
All animals maintain normal body function
through electrochemical pathways in the
nervous system and through endocrinologic, or
hormonal, pathways throughout the body. The
hormones that playa role in milk let down and
udder development are insulin, growth hormone,
adrenal glucocorticoids, prolactin, thyroid
hormones, ovarian hormones, oxytocin, and
catecholamines such as epinephrine. Oxytocin
and epinephrine are specifically involved in milk
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ejection. Oxytocin causes an increase in
mammary blood flow which in turn leads to
greater milk secretion by the gland. Cortisol,
prolactin, and oxytocin are released during
normal milking. The normal hormonal changes
than occur during milking may be altered by a
current.
Research studies at Cornell University and
by the USDA show that unless high currents, 8
mA or greater, are encountered no
significant physiological changes occur to cause
a decrease in milk quantity. Other hormonal
cha.nges did not occur or were not significa.nt.
However, at 8 mA or greater electric currents
alter physiological mechanisms: signi'ficantly
increasing cortisol levels, delaying oxytocin
release, and increasing epinephrine.3,4 This
epinephrine increase can block the effect of
oxytocin and thereby decrease milk yields. The
compounded delay of oxytocin release leads to
slower milk let down, incomplete milk out, sore
teats, as well as increased mastitis or somatic
cell counts. It is important to note that non-
voltage related stress also causes the release of
epinephrine, cortisol, and prolactin.
Behavioral Effects
Since stray voltages accentuate the normal
behavioral responses of cattle, normal cow
behavior will be reviewed.
Normal Behavior
Cattle exhibit a variety of temperaments.
Some are always quiet and gentle while others
are nervous and easily excitable. Most cattle
behaviors fall in the range between these two
extremes. A cow's temperament and ability to
adapt to change affects her feeding behavior,
water consumption, excretory behavior, and
body reactions. Cows on a total mixed ration
(TMR), eat about 12 meals a day, each lasting
about 20 minutes. Water consumption varies
according to temperature. When temperatures
are around 68°F, an average dairy cow produc-
ing about 60 pounds of milk may consume 17
gallons of water daily, whereas at temperatures
around 95°F, consumption is about 30 gallons of
water a day.5 Normal drinking behavior is by
dipping the muzzle into the water and sipping
water into the mouth.
Normal excretory behavior depends on the
material ingested and environmental conditions.
In general, a healthy cow will urinate 9 to 10
times a <;jay and defecate 12 to 18 times a day.5
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To conserve body fluids and lactational require-
ments cows will urinate less 'frequently in hot,
dry weather than in cool, humid environments.
Behavorial Responses to Current
The basic behavioral response of any animal
to an annoying stimulus is avoidance. Based on
human experience, currents are perceived as
tingling, burning, or pain sensation. Like most
animals, cattle are creatures of habit. Changes
in their daily routines cause them to become
nervous and display a variety of physical
responses. Lapping behavior while drinking
water is an indication of nervousness or
boredom. Tail switching can be an expression
of irritation due to environmental changes such
as flies or fear. "Dancing", stomping, ear
twitching, and vocalization are also expressions
of discomfort or irritation. Kicking is probably
the most often encountered response to stress
or fear. Most cows kick because they are
frightened, are in pain, or have been abused.
Stray voltage can accentuate these normal
behavioral responses.
Extensive research has been done by
numerous countries and universities examining
the behavior of cows exposed to varying
currents over different time periods. The
research concludes that at least 4 volts is
needed to produce a significant behavioral
response (Table1 ).6 The responses noted,
however, were only short lived. Cattle seem to
adapt quickly to the current and return to
previous "normal" behavioral patterns.
Washington State University has performed
"water bowl" research, evaluating the drinking
behavior of cattle when a voltage is applied to
watering cups or tanks. Since milk is about 90%
water, a reduction in water intake decreases
milk yields and feed intake, At 6 volts cattle visit
the waterers 68% less than when no voltage is
applied.? Cornell University also has pertormed
a similar experiment. The study indicates no
significant differences in milk quality or quantity.
However, behavioral changes have been
observed.? In addition, New Zealand has
performed research on the effects of voltages at
the milking machine. Data shows no production
losses despite behavioral responses such as
kicking or "dancing".
Research data indicates that cattle adapt
quickly to sustained electric currents but take
longer to adapt to repeated short duration
currents. Since dairy cattle are trained to a
milking routine, any disruption in this routine
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causes a drop in milk quantity and quality. Field
observations and research data indicate that the
primary response for a drop in milk production is
due to the operator becoming frustrated,
resulting in poor hygiene and inconsistent
milking practices. The operator may take short
cuts in washing, drying, massaging, fore-
stripping of teats, and teat dipping.8 Conse-
quently, an increase in the number of bacteria
remaining on the teats increases the probability
of acquiring mastitis.
On-farm observations differ significantly from
the research data. Some on-farm cited cattle
responses are: periods of poor production,
increased mastitis, increased somatic cell
count, increased milking times, incomplete milk
let down. abnormal parlor or barn behavior -
extreme nervousness, reluctance to enter, and
rapid exit, reluctance to use the waterers or
feeders, and increased urination and defeca-
tion. 9 Assessment of DHI, dairy herd improve-
ment, rolling herd averages have shown an
increased milk production 12 months after stray
voltage isolation. Only 31 % of the herds
isolated have shown marked improvement in
production (Table 2).10 The other 69% isolate
have failed to show a significant response in
milk production. This failure can be better
attributed to lack of voltage reaching the cows or
the voltage is insufficient to produce a physi-
ological response. Yet another reason may be
that the producer has successfully coped with
the anin1al's behavioral response. It must
always be remembered that many factors other
than stray voltage cause behavior, health, and
production problems.
MITIGATION
Mitigation is the removal and prevention of
stray voltage demands from a farm. The
method of mitigating stray voltage demands
careful consideration of cost, electrical sources,
and environmental conditions. Four major
methods of correction exist: (1 )voltage reduc-
tion, (2) active suppression, (3) gradient control,
and (4) isolation. All of these procedures are
theoretically sound; however, one may be more
practical to a speci'fic situation than another.
Each has advantages and disadvantages.
Voltage Reduction
This method of mitigation involves the
removal of bad neutral connections and faulty
loads, improvement or correction of wiring
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grounds, load balancing, or control of leakage
currents by cleaning, reinsulating, or grounding.
A method of voltage reduction is the "four wire"
system. Farmsteads with long secondary
neutrals can, under the National Electric Code,
mitigate stray voltage by this means. In a "four
wire" system, the ground is not connected to the
neutral at the building service; the "fourth' wire is
used to carry the ground back to the primary
building service where the ground and neutral
are connected and grounded to earth. 11
Active Suppression
Mitigation by means of suppression occurs
by a nulling device. Since voltage is produced
by current flowing through a resistance, a
second source can be utilized to cancel the
original source. The advantages of this method
include installation without changing the existing
system and lowering the voltage on the distribu-
tion system. The disadvantages of the system
include maintenance problems, cost, and the
possibility of overlooking a problem source. '
Gradient Control
Gradient control can be accomplished by use
of an equipotential plane, which is a flat, or level
surface having the same electrical potential
throughout. An equipotential plane rnust include
equipment grounding, metalwork bonding, a
conductive network in the floor bonded to the
electrical system grounding, and possibly
entrance and exit ramps. All floor grid work,
waterers, stanchions, feeders, pipes, stall
dividers, pipelines, floor grates, etc. need to be
bonded, i.e. electrically connected. The floor
grid consists of 6 inch welded wire mesh with
and interconnecting grid of steel reinforcing rod
not smaller than 3/8 inch diameter with a
maximum spacing of 12 inched. This grid needs
to be suspended with concrete at least 1.5
inches thick above and below the grid to protect
it from corrosion due to moisture and manure.
In facilities where it is impossible to place the
floor grid, an alternative method is to saw
grooves in the existing concrete and place
copper conductors that are connected to the
metalwork in the building.12
Isolation
Isolation is an electrical separation of all or a
portion of the grounded neutral system on a
farm. Isolation can occur at two places: the
distribution transformer or the building serviced.
Isolation of the primary and secondary neutrals
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at the transformer occur by using one of three
methods: (1) conventional spark gap, (2) a
saturable reactor, or (3) a solid state switch.
These techniques create a high impedance
interconnect below a specified threshold voltage
and a low impedance interconnect with voltages
above the threshold. 13 There is some concern
that voltages may increase at farms in close
proximity when isolation techniques are used. It
is recommended that isolation be used only
after the other methods of mitigation have been
exhausted.
The economic impact of stray voltage - 55
million dollars per year for replacement animals
and 125 million dollars per year for loss of
production14 - has made it a controversial issue
since its recognition in the early 1980's. Televi-
sion shows, like 60 Minutes, have sensational-
ized the problem by selectively interviewing
angry farmers who have given "worse case
scenarios" of exploding udders and deformed
calves. 15 Research statistics show that voltages
of 4 or greater are needed before any behav-
ioral or physiological responses occur. These
studies also conclude that cattle adapt to stray
voltage quickly, and no significant effects on
production have been noted. On the other
hand, on-farm studies show losses due to stray
voltages have been reversed after mitigation
procedures. The USDA has provided basic
methods of mitigation and recommendations for
the use of each.
The problem of stray voltage is likely to
increase even though extensive research and
recommendations have been made due to
obsolete wiring systems, increasing electrical
loads on rural systems, and increasing sizes
and sophistication of farmsteads. Subse-
quently, stray voltage may be targeted as the
cause for poor animal health and loss of
production. Farmers may overlook other factors
- especially the importance of good cattle
management; sanitation, nutrition, disease
control, and milking equipment upkeep. Dairy
management is complex and no simple answers
exist to the numerous problems confronted
daily. Therefore, all possible factors in a
problem situation need to be examined before
one source is determined as the cause of a herd
problem.
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Behavioral responses associated with voltage levels when the sum
of source, path, contact, and animal resistances are 500 or 1,000 Ohms.
Resistance Resistance
at at Behavioral
Current (mA) 500 Ohms 1,000 Ohms Response
1.0 0.5 1.0 Perception by
animals occurs.
3.0 1.5 3.0 Moderate behavioral
response observed.
4.0 2.0 4.0 Any loss in milk
production not directly
due to change in animals.
6.0 3.0 6.0 Severe behavioral
response occurs; milk
production lost due to
change in animals.
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Table 2.
Change in management parameters for the upper 31 % of herds ranked according
to percent increase in rolling herd average milk production after isolation.
1 Year 1 Year
before Time of after
Parameter isolation isolation isolation
Production traits (Ibs)
Annual milk/cow 14,687a 14,616a 16,444b
Peak milk, 1st 53.0 55.7 56.7
lactation
Peak milk, older 70.1 71.9 75.0
cows
Herd size
No. cows 50.0 51.3 53.5
% cows leaving 35.6 36.4 37.6
herd
Mastitis
Somatic cell 408,300 300,600 340,600
count
% cow positive 26.2 26.8 24.6
Reproduction
Calving interval, 13.1 13.1 13.1
(months)
Heat detection 48.0 47.0 46.4
index, (%)
Conception rate, (%) 58.9 59.9 58.2
abMeans within a column differ (P<.05) when superscripts differ
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